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‘te Ex.20 Four equal uitiform rads, cach of weight w, are. freely 
jointed fo forma ‘rhombus ABCD, The frame work Is suspenilei 
Sreély fram A anda weighs Was attached 10 each of the Joinis B,C, 
DP. If two hortrontal forces each of magnitude P acthag | at Rant Pp 


keep the angle BAD > equal to 120°, prove thor 


P=(W4-w) 2/3. ses 


“Sot. ABCD isa framework 
formed of four equal rods cach 
of weight w and say of Iength 2a 
ft is suspended from the point -4 
and a weight W is attached to 
cach of the points 3, C and D. To 
‘save the system from collapsing 
two horizontal forces each of  “-... 


magnitude’? actas Band D and in equilibrium £. BA D==120°. 
Obviously the naturc of the forces P is tike that of thrust. 

The total weight 4w of all the four rods AB, BC, CDand DA 
can be-taken acting at the point of intersection O of the disgonals 
AC and BD. Obviously the lise AC-must be vertical and so BD is 
horizontal. . : a a 


To find P we have to give the system a displacement in which - 
the fength BD must change and consequently the angle AAD will 
change so Ict us assume that 4 BAC =@= 4 DAC. 

Now give the system a small symmetrical displacement about 
AC in which @ changes to 0-++50. The point A remains fixed and 
we shall measure the distances of the points of ‘application of 
various forces from the point A. The points 8, C, D and O change. 
The lengths of the rods AB, BC, CD and DA do not change while 
the length B/D changes. The angle AOR will remain 90°. 

We have 

BD=2WO=2A4B sin 6=-4a sin A : 
the depth of # or D or O below A - 
=s AO 22a cos 8, : 
and the depih of C below 4 
a “ =AC=2H0=4a cas 0. 


By the principle of virtual work, we have 
PS (Sa sin 0)-! dw5 (Qa cos #)-1-21S (2a cos 8) - 

2 +S (4a cos @)==0 
or: aa f cos 2 80 —Baw sin 4 4@—4aW’ sin 8 50—4aW’ sin 0 S8=—0 
or da [P cos A— Iw sin O— W sin O— 5 sin 8} 50=0 
or P cos 0—2 (H+) sin 00 
or P22 (Wow) tan 8. 

But in the position of equilibrium, #==607. 


2 POD UM wy tan 60% =2 (8 -bw) /3 = (IV -) 24/3. 

Ex.21 9 Four eauol uniferin rods, each af weight W. are jointel 
te farm a rhombus ARCD, which is placed In @ vertical plane with 
AC vertical ant A resting an aherizontal plone. The rhombus ix 
Leptin the pasition ju which ~ BAC =Ohv alight string Joining & 
and DL Find the tension of the siring. 


Sol, ABCD is a framework formed 
of fouc equal reds ¢ach of weight I and 
say of length 2a. It is placed in a verti- 
cal plane with AC vertical and A resting 
on 3 horizontal planc. To keep the 
system in-the form of a rhombus a light 
string joins 8 nnd D and prevents the 
points G@ and P from moving in the 
directions OA and OP respectively: 
Lew 7 be the tension in the string 8D. 
The total weight 359° ofall the Your rads 
may be taken acting at the porat of intersection O of the diagonals 
ACand aD. 

Les 2 4 DAC aor 

Give the system a small symmetrical displaceinent about 
AC in which / changes to 43.80, The pointe A resting on the hori 
Zonal plane renmmtins fixed. The points 8. C. D und O will change. 
The fengths of tic rods A8,9C. CD and DA will remain fixed 
while pea length BD wilte The angie POC will remain, YO", 
ti osin @=4e sin Vv, 
amd the heieht of O alias the fixed point -I7 

2 AO—Ja & 
iy the principle of Sirtal wock, we have 
3 (4a sin A— GWA Qa cos A)- -O. tt) 

[Note thatin the equationrT 4!) the work done by the weight 
Ait has beentaken-with negative-sign because the distance AQ. of 
its point of apptication O fram the fixed pojat 4 is in 2” direction 
opposite to the'dircetion of 4517} 

From the equation (1), we have 

4a Tcos 0 80-0 Rall’ sin 4 54>-0 
or 4a [—T cos 2+ 29V sin A} 5a--0 
ac —T vos fe) JH sian H--O | fe 


BAC. 


c. 


a, oa, 


aawee OF 


2 ee Yo Weavan we 
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Virtual Work 


Ex.22 A square framework, formed uf unifarm leary roils of 
equal weight W, jainsed tozcthec, is hung up hy one corner, A welght 
W it suspended fen each of the three liwer corners and the shape 
of the square is ‘preserved hy a light rad alang she herlzontal dla- 
zonal. Find the theust of the light rod. 


Sot. ABCD is a square 
framework formed of four rods 
each of weight MW and say of léngth 
2a. tt is suspended frem_ the 
point A and a weight Wis suspen- 
ded from each-of the three lower. 


To find T we shall have to give the system a_ displacement 
in which BD must change. 
and opposite forces T as shown in tke figure und assume that 
4 BAC =A £ CAD. [Note that the angle | BAC will change 
during a displacement in which 8D is to ‘change.] ae 


So replace the rad 8D by two equal 


Now give the system a small symmetrical displacement about 
AC in which 4 changes to 0-+ 80. The point A.rcomins’ fixed and 
the points B,O,D and C change. The lengths of the rods 
AB, BC. CP and PA doe net change’ while the length AD 
changes. , 


We have BD=28O ~2A8B sin t-+da sin 
the depth of cach of the points 8, C and 2D below the fixed point A 
AO 
and the depth of C below 4-> 240 —da cas v. 


Za cos 4, 


. By the principte of virtual work, we have 
T 3 (4a sin 8) +44 6 (2a cos #)-+210' 4 (2a cos) 
= IN 4 (4a cos 8)=-0 


of da Teco. 9 5A—Xa WW sin OSO—4a W sin @ 58—4a TV sin 058—0 


or dg {T cos 0 41 sin 8} 5050 
or Tos 0-—4H/ sin 0-0 {7 58-40} 
or T-4U' tan 4, 


But in the position of equilibrium 0==45 - 
CT s4W tants 24W’esthe total 
rods. 5 2 - 

Ex.23 0 four stiform rods are frecly jointed at their extre- 
anities and form a parallelogram ABCD, which Is suspended by the 
jolt Avand ix-kept in shape by a string AC. Prove thar the tension 
equal | so half the. weight of ‘allihe four rods, 


weight of the four 


a ‘framework -in the - 
ram. ‘formed of four 
iiniferm rods: 1 is suspended. from athe 
point. Aund, is kepi in shape by 3 string 
AC. Let T be the tension iw the string AC. 
The toral weight 7 of alt ‘the four, rods 44,° 
BC. CD-and DA can bs taken as acting. at 
O, the middie paint of AC. Sines the force 
of dvactian at the point of suspension A 
halances the weight W7 at O. therelore the line 40 nvust! he vertical. 
fer AC. 2x, 

Give the <vstenta small displacement in which vo changes t 
and SC renvaine vertical. “The point 4 remains fixed. the 
point O changes nd the length 4C change We have. AO = 


By the principle of vietual work. we his 
—~ TA CAC) + Me C(AO)=-0 

er = FS (2x) 3FS (XO 
or " ayavi tax- 0 
or [4 IW] ax--0 
or 272 H- a ( axy-O} 
oc : T i i Bid (otal weight of all the four rods). 

- E24 ob string. of leagih a, terms the shorter diagonal ofa 


hs of length b ond weight W, 
ff the rods be supported Ina 
wus Of the sirhiag tx 


rhinntas formed ef Sener eileen 5 
eh together. If 


which are hi 


horizontal position, prove that tho ten: 


5 SORCERY REUSE OR 


TIFT 
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Statics 


Sol, ABCD is a framework 
inthe shape of a rhombus formed 
of four. equal unifarm reds cach 
ef leneth ) and weight HL The 
rod AB is fixed ia a horizontal 
position and Bund Nare juined by a 
string of length a forming the shorter 
diagonal of the rhombus. 


Let: Fbe the tension in the suing BOL The wtal weight 4H" 
an obe tiken as acting at the 


of the rods 4B, BC, CD and DA 
point of intersection O of the Jiaganals AC and BOL We have 
AOR 90 . 
Le ABO Draw OM perpeasdicular to 44. 


Give the aystent a small symmetrical displacement in which j 


wu changes to #30. The line 1B remains fixed. ~The points 0, 


remain 90. 

We have #D+= 280 = 248 cos m= 26 cos t., 
(Note that in the position of cquilihcium #D=a. But during 
the displacement BD changes and su we have found BD in terms 
of a) “ 

The depth of O below the fixed line 4B= MO. 

-=BO sin &=(AB cos #) sin U=h sin € cos 4. 

By the principte of virtual work. we have. — 

—T8 (26 cos WI) +4418 5 (A'sin 0 cos “)=0 

oe 2bT sin @ 7 +. 4bW (cost. 0—sin? #) 5A=0 
or 2h [T sin 9—2W (sin? @—cos? 1)| 600 
or T sin 9—234' (sin? 6—cos? #)=0 [2 990] 


or 


In the position of equilibrium, BDs=a or BO-3a, So in the 


eee aU B 
position af cquilibrium, cos a:< A 


pe TE 2 Callahan _ 218° bE al) | 
- aaa Ea) 


Ex.25 Four cquul uniform: rods, cach of weight VV, are sinap- 
thly jointed 30 as to furm a square ABCD; the side ‘AB is fixed 
(claniped) in @ vertical position with A uppermost and the figure is 
Kept in shape hy a string joining the middle points of AD ant DC. 
Find the tension of the string, 


Sok ABCD is x framework formed 
uf four equal uniforms rods cach of weight 
Wand say of length 2a. The side 48 is 
lixed ina Vertical position with 4 upper- 
most. A string joins the middle points 
and Fol AD and DC respectively and in 
equilibrium ABCD is a square. - 

Lect Tbe the tension im the string The tout weight 410 
ol all the rods 18, 4C, CD and Daa the point of inter- 
nd RD: We have: AOD=90". Let 

BAC.-U=: DAC. Draw OAS perpendicular to AB. 

_ (Note that we hive drawn ABCD a: rhombus tnd neotas it 
>yuare because in a displacement in) which EF fis to change the 
figure’ will not vemain a square. After ‘findin: 
tension 7 we'shall use the fact that inv the position of equilibrium 


“the figure is a syitare]. 


Give the-system a small symmetcical displacement in which J 
changes to 0) of, “The Hine -f8 will ventsin fixed and su cf is a 
Gxed point... The pointe C.D and ¢? ¥ 
Uhe rods -f2, BE, CD and DA de not change white the length Le 
changes. The" 40/2 remuins 90". ue 

We have £ tC -2A0 ne AD tus t= lacus Also the 


depth of O below the tixed pot 4 Zc.. the distance of O from the - 


fixed point fin Une direction of the force SIF - 


2 SAV OO cos 82 (2a cos 0) cos vs 2u cos? 0. 


Uy ihe principle of virtual werk, we have 
—TS (la cos YU) pA IS Qa cos? De-U 


ur 2a fl sin 8 ad—lb6a Wees @ sin ad.0 
or Ter sin # (2-8 cos 0) bU=0 
vr T--30 cas Ue. 0 [8d Vand sin vz 0} 
or T=8MN cos 
But in the pesicion of cquibibriun, 7.457 


J. Pen SM cus 450-5 Uy Say 2 


Canad Dchinge. The lengths of the reds AB AC, CD and DA : 
doa not change while the length 2) vhanges. The ~ -fO8 will - 


the. valuc ‘of the - 


change. The lengths of 


- _EX.26 Six equat heavy beams cre freely jointed at their cinels 
10 form.a hexagon, and are placed ina recticaliplane with aye Beas 
resting an a horizontal plane; the micklle points of the timo. 
slant beains, which are Inclined &t an ongle ? to the hocl= 
connecied by alight cord. Find its tensivn in ternts of Wandtn 
where W Is the weight of each bean. " 
. | Sel. ABCDESis 4 hexagon 

fornred of six cqual heavy beams 
each of. weight HW and say of 
length 2a.- The frame is placed 
i al plane with the beam 
Sting Oa a horizontal plane. 
e ¢.the system from collap- 
sing.the middle points ‘4 and WV 
of the beanis. FE and CD arc con- 
nected Jby alight cord. Let T be 
on inthe cord ALA. 
ine. FC is horizontal. We have ER Cmte * DOK. 
and DQ perpendiculars to MIN, 
ight 637 of all the six rods can be taken, acting 
int of FC.. Draw Of) and CK perpendicular, 
C&K—#. 
a-smal} symmewical displacement about the 
al line OM in which @ changes to 0-j.50. The linc 48 fon in 
planc remains fixed, and the distance of the poiat of 
jon O of the weight 63¥ will be measuced from AB. The 
fthe rods 48, ac el¢.- remain fixed: while the Jength ATA 
The point O also changes. 
have MN MP+POLON 

B . 0 =a 60s 64-2a4-4 vos the 2a4-2a cos 
t PO ED=2a, because ED renfains Gxed). 
Sight of O above the fixed linc AZ 

; ; =HO=KC==2a sin 9 
he Principte or virtual work, we have 
.Qd-+-2a cos )—6W & (2a sin ¥) =U 
[Thé work done by 6 is taken with — ive sign becaus 
¢ a ows the dircetion of 4O is opposite to thar of 6)F} 
ot | (2a7 sin @ 6—12a W cos 6 SU=0 : 2 


= 2a(T sin @—6W cos6)56 = 0 - 
= Tsin®-61V cos = 0 (-: 60 + 0) . 
=T=6W cord 


pyre. 


JEX.27 Six equerl rods AB, BO, CO, OL EK and FA ure.cach 
of weight W ond ure freefy jainted as their cxsremities se as to form, 
aw hexagon: the rod AB is fixed in a herizontut poxition aml the 
wniddle points of AB und DE are jointed av o string: prove that tty 
tension is 31V. Tas-2013 

Sot. ACRE is «a hexagon 


BH Sd o 
formed of six equal rods cuch of ike 

weight HW’ and say of length 2a. 

The rot at is tixed it a hori- : 

zontal pusitivus und hc middle é 


points Wand WV of AU wd DE 
ace jointed by # string. Let T te 
Ube tension in the sising ALA. The 
toral weight 61)’ of ail the 53x rods 
AA, BC ete. can be taken acting 
~ at OL the middle point of ALN. Let 
WMA abe 2 CHM. 

Give the system rival WQsplucemecat about the 
vertical toc UN in wh vhunges tu 4 bev. ‘he line A remains 
Mixed. The lengths of the codx A’, BC ¢ remain Tixed. the length 
MN changes and the point © also changes. : 

We have 
AIN ws 2MOWIA 2A - tea sin, 
Also the stepth of O below the Jixed tine 14 
. MO 2a sin i. . 
Wy the principle of virtual work. we huse ” 
. —76 (4a sin H)-} GIES (ee star oe YU 
we —-dalcos og Sv-! Vet cos wat 


or AY) cox 59..0 
vc _ JO Ue ee) VU and ce 
or. T-3 IP, = 
.  EX.28 sie eyaal burs are te jointed ut their extrentitics 
Sorming a rexulor hexugen ABCIE Kept fu shepre hy v i 


cal strings joining the middle points of BC. CD and AK. F 
peetively, the side AB be held hovizouted ard nppernnst. 6 Prov 
thet the tenston of cach stcing ix three times the weight ef a bar_ 
Sel, ASCDEF is w hexagon 
formed of sin cqual bars say cach 
oF weight Hound Jeaygth 2a. “Nhe 
cod -A# is held horitontal and 
uppermost. The middle points 
and NV of 9C and CY ace 
ncd by a stcing and the middle 
ms Mand Gol AK and FL ace 
uso jo 


by a steing. Let 7 be 


the tension in cach of the stcings < aa 2 
PQ and AEN. “The towel weight Git of ait thesix, rods oil, oO en. 
ing at G, abe int of £O. 


dle puin 
2. AAC. 


MAF 


Give the xvsicwy @ smell sync Vo alispticement obweur ce 
veetical Sine OG in which vo ES “the Bae AG ecm 
fixed. The fengtbs of the reds AB, GC ete. remaia tixed. ihe 
lengths ALN and 2 charge and the point & alse changes. ‘ 

We have - 

Mae MN we 2AIC sin vile sin vw. 

Abs the dcpth of G beluw 44 7 

SOG = BC sim U==2u sey 
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, toe Virtual Work 


On, ware! 


, Statics 
= : . 
% ne By the principle of virtual work, we have 
a on 6 "278 Qa sin 0)--6 3 (2a sin 8)=0 
Sn OF oe —daT cos tf $h-i-12aW cos 0 bN--0 
ie or 4a cos 0 (= T4-3H’) 0=0 
~ or —-T4-34=0 to 80.70 and cos 00} 
_ Cor T=3W i.c., the tension of each string is 
three mes the weight of a bar, 
Ex.2% Six equal light reds are joined to form a hexagon 
ABCDEF which is ‘suspended ut A and F sa that A¥ is horizontal, 


A rod BE, alsu light, keeps the figure from collapsing and is of such 

a length that the rods ending in the points BL E are inclined at an 

angle of 45° to the rertical. Equol weighty ure suspended from 

is B,C, D, E. Find the stress in RE. 
ms aye Sol. ABCDEF is a hexagon 
formed of six cqual light rods 
say cach of length 2¢. Mis sus- 

: pended at A and F so that AF is” 
horizontal. Equal weights W are 
suspended from cach of the 
points 4,0, Do and &. A fight * 
rod joining B and E saves the 
system from collapsing. b.et 7 be 
the stress in the rod #£. Since 
the cod BE prevenis the points 
Band £ from moving inwards, therefore the stress in the rod BE 
isa thrust. . 

bet ABEL ’ FEB2: CBE . DEB. 

Replace the road RE bi two, cqual and opposite Forces as 
shown in the figure. Give the system a small symmetrical displace- 
ment in which 8 changes 10 #489. The linc AF remains fixed. 

- The points 8. C, D and Echange. fhe lengths of the rdds AB, 

BG ete, do not change while the Jength BE changes. 

We have 
BE AF} 28M :-2a42.2 cos @=2a-+ 4a'cos ?, 
the depth of cach of the points Band £ below AF 
wA Mena sin t, 
and the depth of cach of the points Cand D below AF 
221M = 4a sin 6. 
By the principle of virtual work, we have 
1S (le tau cos uy: ZS (2a sin 6) , 2S (4a sin ¥)-=V 


df.com . 


pscp 


or —4ut sin 0 30-1 4aH cos 0 ov) Sal’ cos 7 BU—U 

or Sa (—-7 sin Ul WW cus & 5 2H cos dp dU240 - 
or —T sin 04-31% cos U=0 | SL on | 

or : V2 3 cot tt, 


But in the position ef equilibrium cach of the reds AB, BC, 
* Ue horizontal BL. Therefore in the position of equilibrium, #45" 
und , TBH coy dS? AY, 

Ex.30 0 Sin ciyptal heavy rods, freely hinged at the ends. form 
avegular hexagon ABCDEF, which when hung ap by (the point A is 
kept from altering its shape hy two digit reds BF und CE. Prove 
that the thrusts of these rods are (Sy0312) UE and (43/2) Bo where 
IV iy the weight af cach rai. 


L/u 


e 
e 


Sal, bet the length of cach 
ofthe rods AU, BC cite. be 2a und 
let 2 be the angle which cach of 
the slant rods AB, AFL DC and Di 
makes with the vertical AD” é 

‘Let 7) and 7 be the thrusts mi 
the rods BF and CH vespegtively. 
Here tis’ the fixed poimt. “Phe 
weights of the rods 4B, BC cle. act 
attheir respective middle points as 
shown is the figure. 

{ct us first Jind the-thrust 74. 


https 


Replace she rod UF by two cqual and opposite forces 7) as 
shown in ths igure und keep the rod C# intact so that) during any 
displacement the length C£ does not change. Now give the sysicm 
asmall synmctrical displacemcarwhout the vertical tine AD in 
which # ut the cnd A changesto @ | Se while @ at The end YD docs 

netchange. “Phe pertion BCDEF moves usitis. The fength bs 
changes while the length CE decs not change so that during this 
7 small displacement the work donc by the thrust 72 of the rod CE is 
zero. The centres of gravity of all ube six rods 218, BC cic, ure 
slightly displaced. rae es 


We have Bode sin a, 
- : In this case we cannot take the fetal weight of the reds AY, 
BC ete, net al the middle point O of AD, ‘The depth of each of the 


points Mo and \ below A is acos 4, the depth of cach of the points 
Pand @ beluw A is 2a cos 64a, und the depth of cach of the 


EF and ED makes an angle 48° with the vertical and sv also with © 


23 Virtual Work 


points Af and K below A is 2a cos i -la- ASD: where mm this case 
SD ia fixed, 
By the principle of virtual work, we have 
T15 (40'sin 8) 2S (a cos 0) 22H (2a cos Hb a) 
+21 (Qa cos 0 4-244 3SD)--0 


or 4a 7) cos # 5d— 100+ sin 8 5V=0 

or 2a QT; cos 0— SH sin P) di =0 

or 27, cos 0—SH' sin U0 ty ag sa) 
or TyHf¥ tan 0. : 


But in the position of equilibrium. the hexagon js au regulac 
one and $0 @=773. 

Therefore Tr=2 tan Joe th V3. 

Now let us proceed to find the tbrust 73. 

Replace the rod BF by two equal and opposite forces 1) a> 
shown in the figure and so repluce ihe rod.CE.by two cycal and 
opposite forces Tz as shown in the figure. Give the system a small 
symmevrical displacement about the vertical tine AD in which @ ar 
both the ends A and D changes to (4-6 so that both the Iengths BL 
und CE change. in this case the total weight 6) of all the six rods 
AB, BC ete. can be taken acting al the middle point O of AD. 

We have 

8k =4a4 sin 4, CE» 4a sin J and 40-20 cos 0-4 a. 
By the principle of virtual work, we have 
F185 (4a Sin 9+ Ta (4a sin 5) + 63F5 (2u cos 8 4- aj. 


ut 4a T, cos 0 50-+-4a. 7 £) cos @ 380— 12a’ sin @ dv—U 

oc 4u (W172) cos ¥—3¥W sin ¢) 50-20 

or (T17-T2) Cos '0—3W sin 6=-0 ls ov.é0) 
ur Ti+ Tac3 tan 0. : 


But in the position of cquilibriuny 2-2/3, 
Ty Vee 3 W tan $a 3 IV /3- 


easy, WEee =: 
Pye JW /3-- T= 23> V3, v3 


2 2 Re ghee tee 


“Ex.34 © Two uniform reds AB and AC smoothly jointed at A 
are in equilibrium in a vertical plane, B and C- rest on a smooth 
horizonral plane and the middle points of AB and Av are connected 
hy @ string, Show that the tensios af the string is 


We 
jan tiq-tan C 
where W is the tasal weight of the rods AB and AC. = 
[Gorakhpur 79; Jinaji 78} 
Sol. “AB and AC ace Iwo . 


“uniform rods smoothly jointed 
at A, They rest in a vertical 
plane with the ends 8 and C 
placed on a smooth horizontal 
plane. Let,7 be the ‘tension 
in the string connecting the 
middle points DP and £ of AB and AC respectively. Let 

AR=:2a and “AC 2b. : 
The weight #, of the rod A? acts at its middle point B and the 
weight HW’, of the rod AC acis at its middle point E. Fherefore the 
total weight W = Wi-t I; of the two rods 48 and AC acts atsome 
point of the line DE which is parallei to BC. 


Give the system a small displacement ia “which athe’ angle B 
changes to B4-5B and C changes to CSC. The level of the line 
BC lying on the horizontal plane remains fixed and the points & 
and C move on this linc. The lengths of the rods ABand AC do 
not change, the length DE changes and the points 2 and b move. 
We have . 
DE=DH + HEs-acos 8-0 cos C, 
the height of any-point of the line DE above 8C 

= Daf—e sin 8, 

The equation of virtual work is - 

—TS {a cos B-Ab cos CPW (a sin B)=:0 


or aT sin B&U2-KT sin C 8C—al¥ cos B 58-0 
or ai cos B—T sin B) SR-247 sin CSC. 7 (1) 


From the figure, 
DM-=asin Band EV 
Since DM =EN, therefore a sin Anh sin €. 
. A(asin Bsa (+ sin C) 
or aos PSB .beas CAC, - 4b 


iiepa jt. a ee pat 


ae ee SS a 
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Statics 


Dividing (1) by (2), we have 
cos B—T sin 5 Tsin Cc 


cos B - cor 
or W—T tan 8=T tan C 
or T (tan B4-tan COC) BI" 


Ex.32. Two uniform ite AB, BC of weights w end W" are. 
smoothly jointed at B.and their jsinec Oss | 


AJ € resting on 
virtual wark-tha 


In the second case when a’ w 
2, \et T’ be the tension in the co: 
virtual work and find I. 


The required additional tensio: 
=T'— T=(2W7 cos A co 


Ex.33 Two equal uniform rods AB, AC each of weight W are 
Sreely jointed ot A andrest with the extremities B and © on the in- 
side of @ stinooth circular hoop, whose radius is greater than the 
length of either rod, the whole being in a vertical plane and the 
middle paints of the rods heing jainted by a light string. Show thar 
if the string is stretched, its tension is \¥ \tana—2 tan B), where 
22. is the angle between the rods. and B the angle etther rod subtends 
at the centre. : 


is also suspended from 
Write the new cquation of. 


Sol. AB and AC are two uniform sods frecly jointed at A 
acd resting with their extremeticx: 8 and C on the inside ofa 
smooth circular hoop. The cadius O8=r of the circular hoop is 
greater than the Icogth 20 of 
cither rod. Let 7 be the tension 
in the string connecting the 
middle points CG, and Gz of the 
rods. The weights Mund W of 
the two rods act at their middle 
points G; and Gz and the total 
weight W-f 1/==25¥ will act atthe 
middle point AS of GiG2. Given 
that £ BAL = 2 CALS 
and LBOL . 

Give the system a .small dis- 
placement in’ which the angle x 
changes to 2-4+-S2-and B changes to f-: - SB. ‘The Smooth circular 
hoop remains fixed{and henee its centre O can be. ‘taken as the 


fixed point. The lengths of the rods. A8 and AC do: not change 
while the length of the string G\G2 changes. 


The equation{of virtual work is ‘ 
— 79 (GiG2) +25 (OM) =0 | : 


or) FS (Za sin -2)-f- 28 (¢ cos B— @ COS 2)== =0 : 
or - @(--T cas 2% IV sin a) Sxe= }¥7r sin 8 5g. «(1D 
In triangte O&1., BL=r sin B, 


“and-in triangle BL, Bl. =2a sin x. 


2asinx=r sin 2 


‘ *. 8 (2@ sia x)=:5 (r sin B) 
or 2a vos a d2=r cos BSB. ae(2} 
Dividing (1) by {2), we gel : 
a (--T cos x-7-F sin) Mr sin p 
> cosa reos B 
or — F+W tan x2 tay B 
or P= W (tan a—2 tan £). e 


Ex.34. 4 frame, formed of four light rads, cach of length a, 
Seely juirtcd at A, B,C, D suspended at A. A mass m is suspen- 
ded from B and D by twa-strings of length I (I> af4/2). The franie 
is kept in-ihe form of a square by @ string AC. Apply the method of 
virtual work to find the texsion T in AC and show that when 

tea VJ/5, T=2mgf5. 

Sol. The framework is suspended from A and so -f is a se 

Ovint from which the distances ure to be measured. A mass 


—— +—_—__— 
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=e Hntvet Work 
Suspended. from Band D by means ‘of two. strings BY: and DAtach 
of length J. Thus a weight mg acts. at N. Lev T be’ the’ tensior 
in the stcing: AC. Inthe position of equilibrium the figure is 


square. 


= 
z 


changes. The lengths of whe” Strings BN 
and DN remain fixed so that the work ; 
donc by their tensions is zero. The point se 
N is slightly displaced. P 
We have : 
AC=2A0=2a sin 8, : ; 

and the depth of N below A 7 


. 6 (D eet 
Now. from 4 yee eke 
and from the ASON, © 
so that sin 4 a 
or a-sin-6 50=3! sin £ 5$- +--(2) 


Divdiog a) by (2), we have 

+ cos 8 (27 7g). 11g cos & . 
sing 7* sind 

cot d 27 —mg)}amg cot ¢ 

27—mg-=mg tan 8 cot g 

T=} mg (l-Ftan @ cot J). 

| othe position of ‘equilibrium @-=45°, 

BO =a cos 45? =a/+/2, 

ON s+ /(BN2— BO?) == /{P — (a2/2)} 

=(V(2P— ayy V/2, 


7 BO _ aff2 
col 4 = oN GR ayy 
a 
TVR ety” : 


T=h nig {t + tan 45”. .- 


=} mg r l4s5 
. v 
V5, the: 


4 omg (1- A=? mg. 
Ex.35 A rod is movable about a point A, and to B is attached 
a string whose other end is tied to aring, The ring slides along a - 
smooth horizontal wire passing through A. Prove by the principle of 
virtwal work that the horlzuntal force necessary ta keep the ring at 
rest is 
Wcus aces p 


2 sin («-F8) * 
where IV is the weight of the rod, and x, B the inclinations of the rod 
and the string to the horizontal. 
{Lucknow 76; Ailababad 
Sol. The rod Av is “ a Nn 
hinged at A. Let the: length Se se 5 
ofthe rod AB bew and the 7 : 
length of the string BC be /. : 
AUC there is a ring which : oy 
can slide on a smooth hori- Ww ani’ 
zontal wire AG. 
_ | Let P be the horizontal force: applies at 
at rest. The weight i” of the.rod.4# Acts a 
Let - BAC=a and = BCA=B: 
Give the system a small displacement in which » -changcs to 
at x and. B changes to B+-58. The point.4 remains fixed. The 
‘Iength of the rod 48 remaigs fixed and the length of the steing 8C 
also remains fixed so that the work done by its tension is zero. 
‘The points.G and C are slightly displaced. We have 
the depth of G.bclow 4 =MG 
=AG sin.«= a sina. 
rizontal distanee of C from AnAC 
2a AN4-NC=2a@ cos «- =! cos B. 
The; quation of virtual work is 
..- B% (fa sin «)+P5 (a cos 2+ 4 cos A)=0 
or la Weos a $2—aP sin x fa—I/P sin B S80 
or a (LW cos a—P sia a) baIP sin B Sf. 
From the figure, equating the values of BN found fron, thie! i 
angles ANB and CNS, we ect 


e.fing’C to Keep ik 
its-middle-point G- 


and ‘the.h 
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. 1 asin al sin 6 

= oa thal coe acos a éx=luwox f 358. 


Dividing (1) by (2), we get 


YW cos a—P sina _P sing 
cosa 808 
* or 44’ cos « cos B—P sin a cos B—P cos xsiv B 
oy P (sin B cos a-+cos B sin «)==4 W cos « cos B 
W cos a cos f 
or P=- - 


2 sin G@¥B) ~ 
Ex.36 Weights 1, Wy are fastened toa light inextonsible 
string ABC at the points B, C the end A being fixed. Prove that, if 
a horizontal force P is applied at C and in equilisrium AB, SC are 
inclined of angles 8, ¢ 0 the vertical, then 
P=(%-} W4) Can @= WW tan $. 
Sot. Let the length of the portion 


A 
AB of the string be a and that of 8C . 
be'b. The point A is fixed and the “BR 
vertical line AO through.A is a Gxcd a 


line. m 
. Frow the fixed point A, tens a 


t whe 

the depth of B | med NS 
=AM—acos @, ‘ : . 

and the depth of C at esas > 
=AN=AM+MN (a 


=AM+BD=a cos @+b cos $. 
Also the borizontal distance of the point C from the tixed line 
AQ=aNC eo 
: oND-+ DC = WA + DC ra sin 0-4-6 sin J 
Now give the system a small displacement in which @ changes 
to 0430, changes to $%3¢. Ne point 4 remains fixed, the 
length of the string remains unaltered and the points & and Cate 
slightly displaced. The equation of virtual work is 
Wd (2 cos 9}-i- 4728 (a cos 0+ cos % 
+ P38 (a stv UF Sin J)--0 


or —aly, sin 0 88—aH’; sin 8 50 by sin 6 ¢-4aP cos 8 38 
+5P vos ¢ 54=0 
ot a|P cos ¢—(}4,-4- 72) sing} 606 [W2 sin d—F cos $] d4, 
-() 


where @ and $ are independcat of cach other. 


Now consider « displacement when only 8 changes and ¢ does 
not change sv that 5$=-O0. Then putting $-<0 in (1). we have 
a (P cos 6—(IV, 4+ 2) sin 8) 5A=:0 
or FP cos 6—(W,-; HW) sin 0=0 [88 40] 
or P=(iV,-b Wy) tan 9. ---(2) 
Again consider a displacerssat waza 
docs not change so thar 9 =0. 


“only $ changes ‘and 6 
Thus patting 47 =O ta (1). we 


have 
b Wy sin 4—P cos fp ap~v 
or Wz sin d—P cos ¢=6 {od £0] 
oc p Poy tan ¢. (3) 


From (2) and (3), we have 
P=(Wit HY) tan @=H4 tan J. 
Ex.37) Five equat.u 


f freely Jointed at their ends, 
farm a regular (pentagon ABE DE + BE is jained by a weightless 
bar. The Systeris id Suspended froin A ina vertical plane. Prove that 
the thrust in BE is W cot -'x, where W is the weight of the rod. 

Sot. ABCDE is a pentagon formed of five equal rods each of 
weight JV and say of length 2a. tis suspended from A.and BF is 
jointed by a weightless bar, Let T 
be the thrustin the bar BE. The 
linc AM joining A to the middle 

~point M of CD is vertical and the 

Vine BE is horizontal. The weights 
ot the rods 48, BC, CD, DE and 
LA act at their respective middle 
poiats: Inthe position of equili- 
briam the pentagon is a regular 
one so that cach of its interior 
angles is 180°—72° 7.¢., £08° or 29 cadians. 

-Let 6 be the angle whiclw the two upper slant rods AY and AE 
make with the vertical and + be the angle which the vo lower 
stant rods C# and DE make with the vertical. 

:Replace the rod BE -by two cqual and opposite forces T as 
sbown in the figerc. 


Give the system a smal symmetrical displacement about the - 


vertical AM in which 0 changes to 04-80 and % changes to $ 4-3$. 
Thejpoint A reinains tixed. The lengths of the rods AB, BC 


etc. remain fixed, the Icngth BE changes and the middle points of 
the} rods AB, BC etc. are slichily displaced. The 
pus. ; 


2 ANB remains 


24 - Virtual Work 
We have 


BE=28N=2. 2a sin 64a sin 8, 
the depth of the middle point of 48 or 4 below A =a cos 8, 
the depth of the middle point of ao or ED below A 7 
=20 cos Uta ws $, 
and the denth of the middle point M of CD below 4 
*=2a cos 8-|-2a cos ¢-. 
The equation of virtual work is - 
Ts (4a sin 0)4+215¥6 (2 cos 6)4+24% (2a ws 9 +a ws 9) 
- HS (2a cos 0420 ws $)-=0 
oc 4a T cos @ 3@—2aW sin 3889—4aWV sin U 5¢—2aW sin $ 55 
: —2a W sin 6 $8—-2a W sin $ 54-0 
<2 sin 0).80—4abe sin $ Bf 


: A) 
ing the levigih BE i in-two ways Le, from 
the! upper sottion ABE and from the lower portion CDE, we~ have 
4a'sin 8=2a+4a sin $. 

Differentiating, we get 4a cos @ Sd==4a cos pp 
oc cos 8 84=cos f 54. (2) 
Dividing {1} by (2), we get 
Tcos 8-2 sin 8, 


cas @ F | 
or T—2W tan 6=2W tan d i 7 
or T= W (tan $42 tan 4). : 
But in the position of equilibrium, = can 
ie 3 ae ae ed * 
Deh. Zaeion be 3 HQ 7 : 
i 3 I 2 e 
P Ye ooo fe? tance aa & =. : 
2, 7 w (an byw h2 ands ©) Wy] rants * +2 cot io -| a 
er eee of 3 a "| : 
[s tan 7g m= cot (5 “-757) ‘ot ia” | 
é 1 tl —tan? (»/ FO) - 
=l — ———— 
ss [ran 15 "t+? “Fxan (a/T0) |: 
as wot 22... = ce, 3 } 
. "tan 2e ~ Qiane 
\ = W cot (aft). 
/ Ex.38 A regular pentugon. A BCDE formed of cyual uniform $ 


rods euch of weight W, is suspended from the point A and is moin- 


fron In shape by a light red joining the middle points of UC and 


DE. Prove that the stress in the light rod is 21\ cat (rf10)- 


Sol. Proceed as in part (a). 


Ex.39 A freely jointed framework - is formed of five equal 
uniform rods each af weight W. The framework ix suspended from 
one corner which Is also foined to the middle point of the opposite 
side by an inextensible string; Yf the two upper.and the two lower 
reds make angles 0 and } respectively with the vertical, prove that fs 
the tenston of the string is to the weight of the rod as - 
(4 fan 64.2 tua $y: (fan 8+tan $)., =a 


Sol. Draw figure as in Ex. 30 (a). This question differs Irom 
the preceding one in having the string A Af instead of the rod BE. 
Let T be the tension in the stting 444. The string AM is given 
to be inextensible, therefore before giving the displacement replace 
the string by two equal and Opposite forves T so that the length 44 
may be changed. 
Here Ad==20 cos 6-4 2a cvs +p. 
The equation of virtual work is: 
~—T76 (2a cos, B-j-2a cos §)4-2HW%S (a cos 094215 (2a cos 0-4 a vos J) 
++ WS5-(Qa cos 8+2a cos $)=0 
or 2a T sin @ 394-2a T sin ¢ 84—2alY sia & 0—4al¥ sin 0 su 
—2a W’ sin $ Sf —2a IY sin 8 56—2a W sin f df=-0 
or 2u sin 0 (f~—4W) 50=2a sin ¢ (2IW—T) 34 S 
or sin 0 (7—4W) S@=sin $ (26’—T) 56. (1) 
Also from the figure, we have 


dasin 0=20: tu sin 
to that -- dacos ¢ 68=4du cos ¢ 5h 
or cos 0 S@-=cos ¢ Sd. 
Dividing (1) by (2), we get 

tan 8(7—457j)=-tan gs Qwv— vy 
or T (tan @+ tan J)= (2 tan A+4 tan 9) 
Tv 4 tan 04-2 tan 4 
w= Vap O+tan $ 


(2) 


, which proves the required result. 


Ex.40 A flat semi-circular board with its plane vertical and 
curved edge upwards rests on a smnuoth horizontal plane and is pressed % 
as two given points of its circumference by two beams which slide in 
smuoth vertical tubes. Of the board ix in equilibrium, find the rotio 
of the weights of the cams. 


Sol. Let MW, and Wy be the weights of the beams 


AP and &@ 
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+ Victual Work - 


whose lengths are say 27; and 2/2 respec- 
tively. Let ®and be the angles which 
the radii OP and OQ make with the 
horizontal diameter COD of the board. 
Let até: the: radius of the board. 
tHeré COD is a fixed horizontal Nine. 
The weight J¥, of the beam A? acts at its | 
centre of gravity G,; whose height above 
CD=MGi=h+a sin 0. 
The weight: HY of the beam &Y 
acts “at Gz whose height above CPD is 
h i : 
Let the. beams: -be 
in which: 
tion’ 


2a 


(or : 
‘or es “) 
Hb beet the beams 
slide, then from tie fig . oe : 
acos 0ta-cos d6-=b=:Constiant. —-- 
sa that, —asin-@ 68—a sin P3A=0 —- 
- : or ~-(Q) 


; —sin 0 50=sin 2 84, 
: . Dividing (1) by (2), we have . 
ae a IF, cot @== Wycot 3d 
W, cod tan @ 
W, core tang? 
Ex.44 A smoothly jointed fJramewark of. tight rocs Sorms a 
puadrilaterol ABCD. The middle points P, Q of an opposite pair of 
nods ure conrerted by a siting in a state of tension, and the middle 
points R, S of the other po ya fight rod ina state of thrust X: 
show, hy the method of virtual work, that : 
FFPQ=XKIRS. 
Sol. ABC) isa framework in the farm of 9 quadrilateral for- 
‘med of four light rods. She middie points c 
Pand QO of the rads A and DC are jvined sea 
by un string in 2 state of tension T and -the i 
middle pots Rand Sel the reds AY and 
BC are joined by alight sod ina stitte of 


which gives the required ratio. 


d 


dice 


— | thrust V2! The framework is to be taken 
aso opheed oon some smooth horizontal 
plane}. 


scp 


Since P, SQ, K are the middte _ points 


of the sides of the quadrilateral ABCD, therefore PSQR isa para- 
wae Helogram. Consequently the diagonals PQ and RS of this para- 
Nelogram hisect each other at O. . 
Replace the string PQ by two equal and opposite forces Tas 
shown in the figure arid replace the rod RS by two equal and 
opposite forces .V as shown in the figure. Now give the systema 
small displacement in which PQ changes to PQ+5 (PQ) and RS 
changes t6 RS+8(RS). The lengths of the rods 4B, BC, CD, DA 
do not change. The equation of virtual work is 
: —T5 (PQ)4X5 (RS)=0 


P 


//u 


or TS (PQ)=X5 (KS) 
a(POQ) Xx 
oF (RS) 0) 


Now let-us find a relation between the parameters PQ and RS 
from the figure. Since OF is a median of the AOAS, therefore 
7 : +. OA OB? = 20P?42AP2=2 POY +-204BY 
"(QP AB?) (2) 
Similarly from AOCD, we have 
. OCT LO Dt=} (PO?-1-CD*). 
Adding- (2) and (3), we get 
OA? OB24-OC?24 OD= | (2PQ24 AK? +CD?) 
Doing the same thing with AOAD and AOBC, we get 
O4? + OB? 4-0C24-O Dt =} (2RS?-+ BC?-4 DA). 
From (4) and (5), we get : 
} (2PQ?+ AB? CD2)— 4 (2RS*+ RC24 DA?) 
or 2 (PQ?2—RS2)= BC?4- DAI ABC 
or PQ?—RS?=constant, 
since AB, BC, CD, DA are alt of fixed lengths. 
Differentiating (6), we get 
" 2PQ &(PO)—2RS 8 (RS)=0 
5 (PQ) RS 
5(RS) PO 
5 (PQ) 


.-Q) 
(4) 


(5) 


---(6) 


ANAC IS 


or 


..-(7) 


Fquating the valucs of fram (1) and (7), we get 


bald SITAR COREA 
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Ex.42 ABCD is a rhombus with forr rods each of length I ‘and 
negligible weight joined by smooth hinges. A weight W is ‘cttached 

to the lowest hinge C, and the frome rests on fo Snooth pegs in ass 
horizontal line in contact with the rods AB and AD. Band Dare in 

a horizontal line and are joined hy a string. If the distance of "the 
pegs epart is 2c and the angle at A is 2x. show that the tension.in the ~ 
String is 


v & 

Wane (5 7 

Sol. The rods ABand AD of the 

frame rest on two smooth pegs Eand F 

which are in the same horizontal Jine 

and EF=2e, The length of each rod 

of the rhombus is 7 and the rods” form- 

ing the rhombus are weightless. A 

“weight W is attached to the lowest 

“point C. Let -7" be the tension in the 

string BD. We have 

Lf BAC=x= » CAD. 

The diagonal AC is vertical and 

BD is horizontal. : 

Give the system a small symmetrical displacement in which « 2) 

changes to 2+5x. The line EF joining the pegs remains fixed and 

the distances will be measured from this line, The 7 AO remains 


tosec} —} ) 


$0". We have : 
= 8D=280=248 sin «=2/ sin 2. 
Also the depth of the point C below EF 
= MC=AC—AM=240—AM 
=2AB cos a—EM cot x=2/ cos 2—c cot 2. 
The equation of virtual work is 
—TS8 (21 sin «)+1¥5 (2! cos wa—c cot x)=0 
or —2T cos o §a—2IW/ sin 2$24-We cosec? « d2=:0 
or (—2!T cos o—2! W sin 14 We coscc? z)32=0 © 
or 21 T cos a—U W sin a+ We cosec?2=0 [12 6:20] 
or 21 7 cos x= Ne cosec? 2—2/ W sina 
or - Te a {He cosec? x~— 2/V sin a} t 
feos a ! 


=i’  cosec? x— 
= If tan [5 cosec? x | 


_ Ex.43 A rhambus ABCD formed of four weightless rods each 
of length a freely jointed at the extremities, rests in a vertical plan. 
on two smooth pegs, which are in a horizontal line distant 2c ‘apart 
and in contact with AB aad AD. Weights each equal to W are hing 
from the lowest corner C and from the middle points of two lowes I. 
sides, while B and D are connected by a light inextensible string. If : 
2x be the angle of the rhombus at A, apply the principle of virtua’ 

~ work to find the tension of the string. 

Sol. The rods ABand AP are in 
contact with two smooth pegs E and F 
which are in a horizontal line and 

EF=2c. 
The length of cach rod of the rhombus 
is aand the rods ‘forming the rhombus 
are light. Weights cach equal to HY’ are 
hung-from the lowest corner C and from 
the iniddle points P and Q of the lower 
sides BC and CD. The diagonal AAC is | 
vertical and BI} is borizGntal, ber 7 be 


the tension in the inextensihle String joining 8 and D. We have 
LBAC=a= 7 DAC. : 

Replace the string 4) by two cqual and opposite forces 7 2 
shown in the figure so that tke distance BD can be changed. Give 
the syStem a small symmetrical displacement in which x changes te 
ai-82. The line EF joining the pegs remains fixed and the distan- 
ces will O¢ ancasured from this line. The “.AO8 remains ar. 

We have 

BD—28O=2AB sin a=2a sin xz. 
The depth of C below FF:-=MC=AC—AM 
=2AO—AM=-248 tos x—EM cot» 
=:2a cos x—¢ Col a, 
tnd the depth of Por Q below EF 
=AN--AM::3A0-AM 
acas x—C COL 2. 
The cyuution of virtua) work is 
— TS (2a sin 2z)2-IVS (2a cos 2 --¢ cot x} 
2S (2 a cos a—c cot z)=0 
(—2aT cos «Fal sin 7-1 ¢ cosee? x-- 3a sin « 
4-2 W cosec* a} Sa=t 
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lad ' : 
“or +2a7 cos x— Sal sin x-L 3c cosec?2zsO — [- F0,~+ OF 
5 uh a2az cos z= 35Fe cooct? x— Salt’ sin z 
ore pe We gosee? x: Sa sin x) | 


‘s 2a vos » 

Ex.44 ABCD is arhont'us formed with four reds rach of 
lengsl I and of weight w joined br smooth hinges. A weight W is 
attached so the lowest hinge C aa:l the frame rests on: two smooth 
pegs in a horizontal line ond B and D are joined by a string. [f.the 
distance of the pegs apart is 2el anal the angle at A is 2x, show that 
the tension in the string is 


fan = EF (H-F 4) cose? x-- (Ii = 2) | 


Sol. The rods 48 and AD are in 
contact with two smooth pegs £ and # 
which ave in a horizontal line and LF = 2d. 
The length of each rod forming the rhom- 
bus is 4. The total weight 4 of uke rods 
forming the rhombus can be taken ucting 
atG, the point of intersection of the dia- 
sonalsk AC and AD. A weight HY is 
attached to the lowest point C. The dia- 
gonal AC is vertical and #P is horizental. 
Let 7 be the tension in the string BD. We have 

. ¢ BAC x= * DAC. 

Give the system a smull symmetrical displacement in which a 
changes to at Sx. Theline EF joining the pegs remain fixed and the 
distances will be measured from this line. The Z AGA cemnins 90° 


= ~~ We have the length of the string #2D 


3 28G==2AA sin x—2/ sin 
The depth of G below FF 
= MG=uAG—-AM =I cos 2—d cot x, 
and the depth of C below EF 
= MC=AC-~-AM= 21 Cos x--d cova. 
The cquation of virtual work is 
-- FA (27 sin z)-- 43 (cos x-- af cot «)} 
; +6 (21 cos a---d cot x) 0 
or —21 Tos ~% Sa—4iw sin x 3x-3-4dw cosee? x 32—2) HW sin x 4x 
LdW coscc? « Sa~O 
oc f--MT cos z—-2/ sin x (Qo + W)4-d cosce: x (4 7+ IVY} S2—0 
or —2fT cos x—2/ sin x (2w-j- HY). d cosec? 2 (43. B= 0 


[7 4x OF 
or 2H cos 2<d (+2 Aw) cosec™ s— 2! sin x (H-}-2w) 
ur Tr2 li fd (bY-} 4) cosce? a—2I sin a (S¥-+2)) 
2/ cos x 
or T+tanx [q Ores cosce? +—(W+42w) } 


_Ex.45. A frame ABC consists of three light rods, of which AB, 
AC are each of length a, BC of length Aa, freely jointed together. It 
rests with BC hortzontal, A bclow BC and the rods AB, AC over two 
smwoth pegs E and F, in the same horizontal line, distant 26 apart. 
Aweight W is suspended feom A, find the thrust in the rod BC. 

Sol. ABC is a framework con- yr Qr a 
sisting of three light rods A8, AC © yp 
and BC. The rods AB and AC rest 
on two Smooth pegs Eand F which 
are jn Uke same horizontal fine and 
EF2:2b, Eich of the rods 48 and 
AC is of length og. Let 7 be the 
thrust in the rod &C which is given to be of fength 3a. A weight 
Wis suspended Crom A. The line AD joining Ato the middle 
point D of BC is vertical. Let , 

a BADR 0 CAD: 

+ | Replace the rod BC By two equal and opposite forces 7 as 
shown ia the figure:- Now give the system a_ small symmectre sal 
displacement hy which? Changes ‘to @ 3-450. The line £F joining 
the pegs remains fixed, the lengths of the rods AB and AC do not 
change and the length BC changes. 7 

“The. forces"contributing to the sum of virtual works arc 2 (i) Ube 
theust T in the rod BC, and (ii} the weight JV acting at 4. 
We have, 


BC ==2BY—2AB8 sin @=2a sin 9. : 
Also the depth of the point of application A of the weight F 
below the fixed line EF 
=MASME cot U6 cot @. 
The cquation of virtual work is 
TS (2a sin + 1¥5 &) cot 0)=0 


ue 2a T cos 0 89—bIF coscc* uv 59=0 
or (2a T cos ¢—hIY eoscc? 4) 88=0 
or 2a T cus @—bW cosec? 6=0 {7 §8%0) 
or 2a T wos $=bW cosce? 8 
or + Fax pace cosee? @ sce 8. 
2a 


But in the position of cauilibrium, 
8C=%a and so BD=+3a. 

> ‘ 2 Bp 2a 3 

Therefore sin U= OG 3 


2S Virtual Work 
and cos 8= V(1— sin? #)= V0I— = 3/7. 
. ; yah 16 4 32 5, 
2 “9a ° 9 VI 9V/la” 


Ex.46 A rhomboidal framework ABCD is formed of four equal 
light rods of length a smuothly jointed together. It rests in a vertical 
plane with the diagonal AC vertical, aud tharods BC, CD in contact 
with smooth pegs in the same horizontal line at a@ distance c apart, 
the joints B, D being kept apart by alight rod of length b_ Show that 
a weight W, being placcd on the highest joint A, will produce int BD 
@ thrust of magnitude 

W (2a%¢ — 6?) fb? (4a? —b2)"?. 

Sol. The rods BC and CD of a thomboidal framework ABCD 
are in contact with two smooth pegs £ und F which erein the 
same horizontal linc and EF=c. The rods forming the rhombus 
are light and the length of cach rod forming 
the rhombus is a. Let T be the thrust in the 
light rod BD joining B aod D.A weight Y 
is placed at the highest joint A. In the posi- 
tion of equilibrium, BD=b. The diagonal 
AC is vertical aud ZY is horizontal. Let 

1 BAC=0= £ CAD. 

Replace the rod 2D by two equal and 
opposite forces JT as shown in the figure. 
Give the system a small symmetrical displacement about the ver- 
tical ine AC in which @ changes to 8-j-3¢. The linc £F joining the 
pegs remains Bxed. The lengths of the rods 48, BC, CD, DA do- 
not change and the Iength BD changes. The only forces contei-" 
buting to‘ the sum of virtual works are : (i) the @cight IV placed 
at A, and (ii) the thrust Zin the rod BD. The Feactions of the 
pegs E and’ F do not work. We have 

BD=280=2A8B sin 0=2a sin @. 

Also the height of. A above the fixcd Jine EF 

= MA==CA—CM 
120A —CAS=2a cos O— le cot Uv. 
The cquation of virtuas work is 
Té (2a sin #)— W6 (2a cos #—he cor y= 0 
ec 2aT cos 9 8-+ 2a WV sin v 80—}c HW cosee? 30=0 


or (2aT cos 0+24M sin 0— ge I¥ cosec? @y 07-0 . 
or 2aT cos 04+2aI¥ sin 0.~ Sc 3 cosec? O=C {-y 8030) 
or 2aT cos 8= $c HW cosev* 8--2al’ sin @ 
~_ py be Cosec? Y~2a sin # 
pe 2 fates 2a Cos 0 7 w(h) 
But in the position of equilibrium, we have 
BD=b so that 8U=>45. 
”. from A4O8, we have 
Sin O== 80 ie 8 
: AB a” 2a. 
> 2a 7 . 
J. sosec ere and:cos 0-= /(I —sin® 6) 
: i B32) V(4a?— 5?) 
= f( 407} 2a 
~ Substituting in (1),.we have | 
-(2a3/63)— 2a. (b{2a) 2a%c ~h? 


yp Ae nNOS OT aes es 
a 62)/20} BT az Bt 

AB, BC, CD each of length 2u, are 

‘stént is-placed in a vertical plane 


the-rods- AB, CO make equal 
the ‘tension of the string AD 


‘Sok. Three ¢igid rods AB, 4 
BC,.CD, cach of tength 2u ‘and 
weight YW arc smoothly jointed 
at Band C. The rods 48 and CD 


A é Gi-27 1 Gp 
are in contact with wo smooth ay: ' 
pegs Land F which are in the “fe 
same horizontal linc and A *; 


Ef 2c. 

Let 7 be the tension in the string AD joining A and D. The 
weights bY of the rods .18, BC and CDact at their respective 
middie points. - - . 

We have 2. BAD=2=~ Z CDA. 

Give the system 4 small symmetrical displacement in which 
=x changes to a+8xz. The linc EF joining the pegs remains Gaxcd. 
The tengths of the rods ALB, BC, CD do not change and the 
Icngth 4D changes. : 

We have, 

AD=:AM->MN—+-ND 
acos x--2a+20 cos x 
x 4a cos a+2a. 

The heightt of G, or Gz above the lixed line EF 
=HP=HU—PB=EH tana—BG, sina 
=} (2c—2a) tana—asina 
=:(c—a) tan x—a sina, 

and the height of G; above EF 
s/f B==(c—a) tan a. 
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The equation of virtual work is 
—TS (40 cos «+2a)—2 WS [(c a) tan x—asin 3} 
i - — 18 [(c—a) tan aj=-0 
or 4a 7 sina 52—2 (c—a) W sec? x Sx 
+2aW cos « 8x—(c—2) Wsecta ds=) 
or - [4a Tsin a—3 (c—a) W sec? 2-4 2a IY cos a} Sa2=0 
or 4a T sin a—3 (c—a) BW’ sce? a-|-2alV¥ cos a=O « [12-40 0} 
or 4aT sin 2=3 (c—a) W sec? «—2al¥ vose, 

1 
oF ee 4asina 
==] W cosee 2 sec? & [(3c/a)— (34-2 cos? <)]- 

Ex.48 Four light rods are jninted together to form a quadri- 
lateral OABC. The lengths are such that 
OA=OC=a, AB=:CB=h. 

The framework hangs in a vertical plane OA und OC resting in 
contact with two smouth pegs distant 1 apart and an the.same hor i- 
tontal Tevel. A weight hrongs ar-B. [f 9,4 are the incliations of 
OA, AB to the horizontal, prove that these rales are given by the 
equations og 

a cos 0=b cus } 
and VW sec? 0 sin 6=a sin (9-3-4). 

Sol. OABC is a framework formed 
of four light rods such that 

OA==O0C =a and AB=CB=b, 

The rods OA and OCare in contact with 
two smooth pegs P and Qwhich are in 
the same horizontal linc and PQ=/. A 
weight IV hangs at 2. We have 
LOAC=0 and “BAC=$. 
Give the system a small displace- 
mentin which @ changes to 0--50 and $- 
changes to 7-5. The ioe ’Q joing: . ; 
*the pegs remains fixed. The only force contributing ‘to the sum of 
virtual works is the weight acting at 2. 
We have, the depth of B below ?Q--LH=OB--OL 
=: OD-j- DB—OL=4 sin d-t-b sin b— $1 tan 4. 
The equation of virtual work is : 
118 (a sin Oh sin $—4/ tun HO 
or aos 0 d0+—b cos ¢ b6— Fl see? # BO=0 
or “(El see? Q—acos 6) 80=-6 cos $ &G. ---(1) 
Now let us find a relation between the parameters U and 2° 
frora the figure. From the AQOAD, we have AD.=a cos 8 and 
from the ABAD, we have ADahrcos $. 


~ W {3c sec? 2—3a sec? a—-2a cos 2] 


o. avos¥=b cos ¢. +-42) 
Differentiating (2). 
—a sin? o0-—b sin $ 5h 
or — a sin 8 SO=B5 sin § Spee = - --- (3) 
Dividing (1) ky (3), we get 
i/ sec? #H—awosU_ bcos p - 
7 asin? Bsing 
or Mf sec?.W sin $-=a (sin 6 cos $-i-cos @ sin J) 
or ql sco? 6 sin d=a sin (0+). (4) 


Thas 8 and $ arc given by the equations (2) and (4). 

_ Ex.49 0 Auniform beam of length 2a, rests in equilibrium 
against d Ineoth vertical wall and upon a smooth peg at a distance h 
Sram the wall, Shaw that in the position of eguilibriun the bear is 
inclined to the wall at an angle sin-* (bfa)tP, : 

Sol. A uniform beam. of. Iength > 
2a -fcsis in equilibrium against a snioosh 
vertical wall and upon .2 smooth peg C 
whose distance CY from .the watt’ is ‘db. 
Suppose tke rod mukes .an angle @ with 
the wall f.0., £2 BAM =.0. The weight IW 
of the rodvacts at its middle point G. 

are Give the.rod a small displacement in 
which @ changes to ¢-- 80. The peg C re- 

_ mains fixed. “The only fotce that contri- 
buics to the sum of virtual works ‘is the 
weight oF the rod acting atG. The reac- 
ions at -t and C do not work. 

We have, the height of G above the fixed poi 

ve, 2 int C 
= NM SAM —AN=AG cos 0--CN cot o 
=acos ¢—6 cot 0. 
The cyvation of virtual work is 
— 5 (a cos 24 col vy — 0, 


_ or : . 5 (a vos 0 ~—b cor 8) ==0 

or --a@ xin 0 804-5 cosee? 0 80=0 ; . 

or : (-@ sin 0+ cosec? 7) 862-0 is 

or a sin 646 cosec? =m vs 80 

or a yin O.-4 cosec? U of sin? O==bfa . sii 
of Oo 


sinm" (6Ja)'3, 
giving the inclination of the ed ty the verticul in uh siti ; 
Sterile, th ec verticut in Ute position. of 

Ex.50 A heavy anifor:n rod. of length 2a, resis with tty ends In 
Contact with two senvoth inclined planes, of inclination a and B to 
the horizon, _ FF 9 be the inclinatiow of the: rod ta the horizon prove, 
hy the principle of virtual work, that ~ : § 
tan =} (cot x—cot 3). ~ 


“Sol. Let AB be the rod of length'2a ‘and @i6 middle ports 
Let AM, BN, and GH bc the perpendiculars, ae 
from A, Band G on the horizontal line 
Uhrough O, the point of intersection of 
the inclined planes OA and OB. The 
weight W of the rod acts ait G and in 
equilibrizm the rod makes an angie @ 
with the horizontal. - 
Give the rod a smull displacement in which @ changes 10 8+50. 
The horizontal line AZON through O is the fixed line from which 
the distances will be measured. The angles aand B remain fixed. 
The only force that contributes to the sim of virtual works is the 


weight of the rod acting atG. The reactions at A and 8 do no s 


work. We have 
the height of G above the fixed line- MON 
=HG=} (AM-LBN) =} (OA sin 24-O8 sin B). 
From the 4408 by the sinc theorem of trigonometry, we havc 


. OA .._ OB __ AB 2a 
- sin @—0) sin (0-4-3) sin (@—(2-EA)} sin (@-F A) 
é 9, 312 G—9) 2a sin (042) 
“ OA=2a sin (BY Sn Gis 
2a 


e TB) {sin (8—2) sin 2 tsin (04%) sin p}- 
The equation of virtual work is. 
—W8 (HG)==0, or 8 (HG)=0 


Ge 5 [mes {sin (B—®) sin «-+sin{042) sin B} Jee 
or Ate Lae (B—9) sin 2+4+cos. (0-4-aF'sin f) du-=0 
or —cos (8—9) sin «-+cus (04) sin § -«0- (7 6050} 
ov —(cos f cos 0-bsin 8 sin @)sin x 

t(cos 0cosx—sin @ sin z) sin B==0 
or 2 sin a sin £ sin @=cos 0 (cos x sin B—cos # sin =) 
or tan Vea} (cot x—cot f), giving the inclination of the 


rod to the horizontal in the position of cquilibrium. 
Ex.54 An isosceles triangular lamina, with its plane vertical 
rests with its vertex downwards, between to sinooth pegs in the same 
horizontal line. Show that there will be equilibria Uf the base makes 
an angle sin (eos? ¢.} with the vertical, 2a being the vertical angle” 


of the lamina and the length of the base being three Limes che dis-~ 


fance between the pegs. 


Sol. ABC is un isosceles triaagulac lamina in which AB=AC. 
The sides AB and AC rest on two smooth 
pegs Pand Q which are in the same 
horizontal line. : 

Let PQ=a so that BC =34a. 

If_D is the middle point of BC, then 
the centre of pravity G of the Famina lies 

~on the median AD and is such that 
ee and AG=8 AD. 
The weight § of the: lamina acts verli- 
ztally downwards at G. We have . 
; (. fBAD=2.CAD=2- 
. - , Suppose in'eq brium the -base 8C of the lamina makes ar 
angle @ with the vertical.’ Since the angte between two lincs is 
equal to the angle between thei ‘perpeddicutar: lines. therefore 
4 DAN-=0. (Note that D4 is perpendicular to BC and AN is per- 
pendicular to the vertical. line. NMG}. 

Now LQPA=L£ PAN=U—a, 
and LQAL=n7—(8-+a). 

Give the lamina a small displacement ia which @ changes to?” 
u--3e. The linc PQ joining the pegs rermhains fixed and the dis 
lances will be measured from this line. The angle-x remains fixed. 
The only force contributing to the sum of viriual works is: the 
weight W of the lamina acting atG. We have, the height of ¢ 
above tbe fixed line PQ 

=MG=NG— NM=NG-LQ 
=AG sin 0—AQ sin (7—(0-4>)5 
=k AD sin @—AQ sin (+a). - 

Now AD=CD cot.a=% a coz. Also from the AAG’, by tie 
sine theorem of trigonometry, we have 

AQ _ PE é AQ. 4 
Sia APO sin PAQ "" Sin (O—*) . Sin 2x 


a a de 

ae AQ=sR Za sin (0 —a). 

ae MGw=3.3 a cot = sin 0 sin 1W—2) sin (4-2) 
+s: vot sin 0-5 2 sin @—z) sin WF) 


esa Cola sin J—-—:—--2- (cos 2x—cos 29). 
a cot Sis eos ¢ 


av acos 20 
aie x ae are a * 
a cot = sin 4sinxcosx 4 sin «cds e 
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* : 
The equation of vitiuak.work is” 
Ws (MG)=0, or -3 (6G):=0 


7 x acos 27. 
d}acot 2 sin 0-—~ ~---—- = -}+ - 
Asin xcosa 4 sin x cos = 

2a sin 20 - 
or [o cota cos 6—-——_—_-- } d= 


4 sina cosa 
4a sin 0 cos @ 


ur @ cot 2 cos 9--—— 80 0 
4 sina cosx l 1 
sin 8 
or acos ( col 1—-- =) ==0. 
SIN 2 COS 2, 


J. COS 0==0 i.c., = 5. giving onc position of equilibrium in 


cot x-- = 
: SUL COS a 


ig Une other position of equilibrium. . 
Ex.$2 A square of side 2a is placed with irs plane’vertical 


«50 ‘Le. sin Docos? 2 i.e.. C=sin' (cos? 2), 
oS - 


* between two smooth pegs which are’ in the sante horizental line at'a 


https://t.me/upsc_pdf 


distance ¢ apart; show that it will be in equillbriiun when the ineline- 
tign of one of its edges to the horizon is cither 


” to, fey 
gor atin : 


Sol. The sides AB and APD of the square lamina ABCD rest 
vu two smooth pegs P and Q which are 
in the sume horizontal fine. It is given 
that PO==c and A& =2a. 

The weight HW of the lamina acts at 
G, the middle point of the diaganal .£C. 
Suppose in the position of cquilibrium 
the side AB of the Janina makes an angle 
@ with the horizontal so that 

PAM 22022 (OPA, 

We have || B-IC- + }r-—constant. 

Give the Jamina a smal! displacement in which / changes to 
8-, 00, The tine /'Q joining une pegs remuins fixed. The only force 
contributing to the sum of virtual works is the weight HW” of the 
lamina acting at G. We have, the height of G above the fixed 


line 42 
LG=NG-NL=NG— MI’ 
AG sin (2e-bOp-- AP sin 


=-aV/2 sin ($7-+0)}--PQ cos 9 sin 0 
(0 AGrIAC=} 2aV2=a/2, 
+ e . and AP-= PQ cos #) 
=a f2 (sin t= cos Bt cos fx sin ()—c cose sin& 
s=a (cos 04-sin @)—c cos @ sin 7. 
The cquation-of virtual work is 


—H3 (LG) er 8(LG)=0 
or 5 [2 (cos # F sin O)—c cos @ sin OJ=.0 
or [a (—sin &-bcos 0)—c¢ (cos? 6—sin76)} 50=-0 : 
or @ (cos 0—sin @)—c (cos? @—sin? 0)=0 v 56 +O} 
or (cos 8-—sin 2) {a—c (cos 8- sin 0))=0. 
-. either cos 0—sin ==0 


Le. sin @=cos.6 i.e., tan 0-4) f.¢., Qala, 

giving one position of equilibrium in which the lamina rests sym- 
metrically on the pegs 7 
or ~e 


at 


giving the other position of equilibrium. 
Ex.53 9 Aunijorm rectangular hoard ‘rests vertically in 
equilibrium with Its:sides a and 8 on (vo smooth pegs in the sane 
horizontal lin€ at a distance ¢ apart, Prove by the principle of virtual 
work that the side of length a makes with the vertical an angle @ given 
by 2¢ cos 28= cos A@—a sin 0. 
Sot. Proceed as in past (a). 

VEX.54 ive equal rods, AB ond AC, cach of leugth 2b, ace 
Sreely jointed at A and rest ono smooth vertical circle of radius a. 
Shaw that if 2 he the angle hetween them, then 

b si O=a cos 8. 


Sol, Let O he the centre of. the given 

fixed circle and Ji be the weight of cach of 

‘the rods ABand AC. UE and Fare the 

middle points of A# and AC, then the total 

weight 2)/ of the two_ rods can be taken 

acting at G. the middle pointo€ FF The 
line AO is vertical. We have 

£,8AO—m / CAO=A, 
Also AB -=2b, AF=-h. Uf the rod AB touches 


: 236 


the circle at MW, then Z OMA =90° and OM =the radius of the Circle 
: =a. 
Give the rods a small symmetrical displacement 
changes to 8-+-56/ The point O remains fixed and the 


ta which v 


slightly displaced. pone Gas 
The ZAMO cemains 90°. We have, 
the height of G above the fixed point O : 
=OG=OA—GA =O cosec 6B—AE cos # 
=a cosee 8B— 6 Cos 8. 
The equation of-virtual-work is 
—2WE(OG)=0, or §(OG)=0 
or 3.(a Cosec 8—b cos 6)=0 
or (—a cosec @ cot +4 sin 4) 250 
or —a cosee 9 cot 8+5b sin #=0 ae 
or a Gosec Gcot G=b'sin 6 t e620] 
or “a cos Ob sin’. 8_ 


Problems Involving clastle strings 

-Ex.55 Four equal foinsed rods, each of length @ are hung Strom 
en angular point, which ts connceted hy an elostic string with the 
opposite point. If the rads hang in the form of a square, and if, the 
modulus of elasticity of the stcing he equal te the weighr of a rad. 
show thot the ursrreiched length of the string is a 5/213- 


Sol. A8CD is a framework formed 
of four equal rods each of- length a 
and say of weight W. It.ig suspended 
from the point A, A and C are connec- 
tcd by: an clastic string and in cquilib- 
rium ABCD is square. The diagonal 
AC is vertical and so BD is horizontal. 
Let 7 be the tension in the Ftring AC. 
The total weight 4H‘of all the rods 
AB,. AC. CD aad DA can be taken act- 
ing at G, the point of intersection of the diagonals AC and BD. 
Let A BACS 7 DAC. - 

Give the system a small symmetrical displacement about the 
vertical line AC in which @ changes to 04+58. The point 4 remains 
fixed, the length AC changes, the point CG is slighily displaced, the 
lengths of the rods 44, BC, CO,,DA do not change, and the 4. BGA 
remains 90°. We have AC=2AG=2a cas B. 

Also the depth of G below A @AGsa cos 0. 

The equation of virtual work is 

3 —T& (2a cos 0)-F 43¥ 5 (a cos B)=:0 
207 sin @ @—4aW sin 6 $08=0 


or = 
or 2a sin 0(T~2W’) 50 

or T— 2D ("2 59:70 and sin 00} 
or T=. DIV 


Let / be the natural tength of the clastic string AC. Im the 
position of equilibrium, 7 BAC= 45° and so the eatended length 
AG of the elastic suing=32AG =20 Cos 45° =2af/2=aV/2. 

By Hooke’s law, the tension T:in the clastic string AC is given 


AC—f 


by THA. where A is the modulus of clasticity of the striap. 


aw @vaot. [vr acdv) 
Fyuating the two valucs of 7. we get : 
2We~ HN" oven! 
or 2ea/2—I, or MeaVv2 
or f=a4/2)/2. 


~, Ex.56 One end of a uniform: rod AB, of Length 2a and weight 
Wis attached by a frictionless joint 1a a smaoth vertical wall, and 
the other end B is smodthly jointed to an equal rod BC. the middle 
polars of the rods are jained hy an clastic string, of natural length a 
and rnodulus af elasticity 4H". Prove that the systems can rest in 
equilihrjum in a vertical plane with C in contact with the wall helow 
A, and the angle between the rads is 2 sin-' (3/4). 
Sot: AB and SC are two rods each 
ih 2c W smoothly 
gether at B The end A of the 
d Al attached to a smooth vertical 
wall-and the end Cof the rod BC is in 
contact 'with the wall. The middle 
points Eaund Fof the rads AB and BC 
-ate- Connected by an clastic string of 
astural length a. 
Let 7 be the tension in the string EF. 
The total weight 2H“ of the two rods can be taken 


ji 2 f acting at 
the middle point of EF. The line 8G is horizontal ond nveets AC 


at tis middle pom Af, Let ZAUM=0= 7 CBM. 2 
: Give the system a small symmetrical displacement abou’ Aft 
in which @ changes to 04-50. The point A semains Exec. the 
point @ is slightly displaced, the length EF changes, the Jengihs of 
the rods 48 and 8C do not change. 

We have EF=2EG=2E@ sin @=2a sin 6. 

Also the depth of G below the fixed point 4A 

2 | AAP =AG sin Fe2e sin 4, 
The equation of virtual work is 


—TS (2a sin 8)-+ 2H (2a sin #)=0 


ar (—2aT cos @-]-4a i’ cos 8) 58=0 

or 2a cas A (~T-++2W) 54=0 

or —T+2V=0 (- 567:0 and cos 00} 
or T=2W. 


_ Also by Hooke’s law the tension Tin the elastic string FF is 
given by : 
 2@ sin A—a 

a 
Where Ais the modulus of elasticity of the string 
=4H/ (2 sin 8-1). OG Ae a] 


tT. 


Virtual Work 
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Equating the two values of 7, we have 
21V=4 (2 sin 9—1) : a 
or - ; 1=2 (2 sind—}), or L=4 sin 8@—2 
or 4sin 0-33, or sin 0=3/4, or @=sin-! (3/4). 
in equilibrium the whole angle between AB and BC 
= 20=2 sin=¥(3/4), 

Ex.57 4 heavy elastic string,-whose natural length is 2na, is 
placed rand a smaoth cone whose axis is vertical and whose semi- 
vertical aagle isa. If W be the weight and \the modulus of clasti- 
city of the string, prove that it will be in equilibrium when in the 

orm of a circle whose radius ‘is 


we cor } 
a Te cor e 


a smooth fixéd-conc — 
le-xsah Dot - 


the form” of a circle w entice’ is € 
and whose radius C4’ is x.. The weight 
MW of the string acts at its ‘centre of 
gravity C. Let 7 be the tension in this 
String. - . ‘ 


Give the string a small displacement in which x “changes to 
x+4x. The poinf O remains fixed, the point C is “Slightly displ 
ced,-/« is fixed and the length of the string slightly changes. 

We have the length f the-string AB in the form of a circle of 
radius X=2mx and so the work done by the tension 7 of this 


string 1s — TA(2srx). an 
Also the depth of the point of application C of thé weight I3” 
below the-fixed point O ee 
®OC=AC cot ax Cot x 
and'so the-work done by-the weight VW during this small displace- 
ment =H (x cot 2). : 
Sitite the reactions at the various points of contact de no 
work, we have, by the principle of virtual wark 
—TS8 (2nx)+H’ 3 (x cot x)=—0 4 
or —2aT Sx W cove bx=0 or (—2nT-W cot a)ix—0 
or —2sT+Wcotr=0 [2 Sxst0] 
or T=(W cot 2)f2n. . 


_ By Hooke’s law the tension T inthe elastic string AA -is 
given by 


Tea 278 —2na _\ xna 
2na a 


Equating the uvo values of T, we get : 7 as. 8 £ | 
icon xn a 


Qn a 


a 
or X--a=.— Weot » 
WE AY 


é eee ira Ww 
‘ ; een tae 
which gives the radius of the string in equilibrium. 

“ye Ex.58. Aa endless chain of weight W rests in the form of a 
circular band round a smooth vertical cone which has its vertex up- 
wards. Find the tension in the chain due to its weight, assuming the 
verticle angle of the cone tale 22. . : 

Sol. Proceed as in ER. 54. Here in place of a heavy clastic | 
String of weight HY we have a heavy endless chain of weight HW, 
If 7 is the tension in this chain, then proceeding as‘in Ex. 54,-we 
get T==(H/ cot a)i2x. 


cot +). 


ts 
Fa 
© 
be 
x 
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